We fed 0 (control), 0. 1, 0. 3 and 1 stevia extracts (95. 2 purity) to 480 F344 rats for 22 months in the case of males and 24 months in the case of females. At 6 and 12 months, 10 animals of each sex from each group were sacrificed for clinical and pathological tests. The middle dose induced a slight growth retardation in both sexes, but at the high-dose the growth was reduced only transiently. General appearance and behavior were the same in all groups, including the control. Mortality at the end of the study in rats given stevia extracts was not significantly different from that in the controls. At 6 months, a variety of changes were found in the results of urinary, hematological and blood biochemical examinations and in organ weights, but there were no such differences at 12 months or at the end of the experiment. The incidence and severity of non-neoplastic and neoplastic changes were unrelated to the level of stevia extracts in the diet. The highest level of stevia extracts that causes no effects in rats was 550 mg/kg, under the conditions of our experiments.
Introduction

Leaves
of Stevia rebaudiana BERTONI contain sweetening constituents such as stevioside and rebaudiosides A and C. Stevia extracts have been used as a sweetener in Japan and elsewhere.
Stevia crystals are 200-to 300-fold sweeter than sugar. In mice, the oral median lethal dose of stevioside of 93. 5% purity is more than 1. 5 g/kg,
and that of stevia extracts containing 53. 1% stevioside is more than 4.2g/kg.1) when rats were given the extracts in their diet at dose levels of 0. 28, 1. 40 or 7. 00% for 3 months, the highest dose caused a slight decrease in body weight gain in the males.1) Planas and Kuc found that a decoction of Stevia rebaudiana reduced fertility in adult female rats.2) According to Mori et al., however, administration of stevioside of 95. 98% purity at dietary doses of 0. 15, 0. 75 or 3. 00% to male rats for 60 days and to female rats for 14 days before mating caused no adverse effects on the pregnancy rate or the development of fetuses.3) Rec-assay and reversion tests of crude extracts of stevia containing about 18% stevioside, of purified extracts of stevia with about 55% stevioside, and of stevia crystals, 9598% stevioside, were all negative.4) Crude stevioside of 50% purity induced chromosomal aberrations in cultured Chinese hamster cells, but purified stevioside of 85% purity had no such effect.5), 6) The purpose of this study was to investigate the chronic toxicity and carcinogenic potential of dietary stevia extracts in male and female F344 rats over about two years.
Materials and Methods Materials
Hot water extracts from dry leaves of stevia were purified to a white crystalline powder. One hundred grams of the powder contained 95. 20 g of total stevioside, consisting of 74. 54 g of stevioside and 16. 27 g of rebaudioside A. The powder was supplied by Japan Stevia Association and stored at 4C until use.
Animals and their care
Four-week-old F344/Du Crj rats of both sexes were purchased from Charles River Japan, Inc. Males weighing 108-135 g and females weighing 85-108g after a ten-day acclimatization period were used.
One to three rats were housed in each stainless-steel wire cage; feed and tap water were provided ad libitum. The room temperature was 23+2C and the relative humidity was 60+20%.
Air in the room was changed more than fifteen times per hour. Route of administration, doses and duration
The rats were fed 0. 1, 0. 3 or 1% stevia extracts in compressed chow (CRF-1, Charles River Japan, Inc.), which was freshly prepared at three-month intervals.
The highest dose in this test, 1 0 of the feed by weight, was decided based upon the annual consumption of sweeteners in Japan.
Estimated consumption of sugar and isomerized sugar by Japanese was 25. 92 kg/year or 71. 0 g/day per person in 1980. If stevia extracts were to account for a half of the total sweeteners by weight, the intake of stevia extracts would be about 4 mg/kg/day, because stevia extracts are 200 times as sweet as sugar, and the average body weight of Japanese is 50 kg. When food intake in a mature rat was taken as about 50 g/kg/day and the margin of safety was set at more than 100, the highest dose to be used in this study could be calculated to be 1 0 of the total feed.
The 480 rats, 240 of each sex, used in this study were divided randomly into four groups: there were one control group, one middle-dose group, and one high-dose group, each containing 70 males and 70 females, and one low-dose group containing 30 males and 30 females.
The duration of the administration of stevia was 22 months for male rats and 24 months for females.
At 6 and 12 months, 10 males and 10 females from each group were sacrificed for clinical and histopathological examinations.
Observations
At one-week intervals, individual body weights and food consumptions were recorded. Water intake was measured weekly for the first 48 weeks of the study and every four weeks thereafter.
All rats were checked daily. Every moribund animal found during the study was killed and tissue samples were taken for histopathological examination. Urinalysis At one or two weeks before sacrifice, pH, protein, glucose, ketone bodies, occult blood and urobilinogen were measured using testpapers (Uro-Labstix, Miles-Sankyo Co. , Ltd.).
Hematological examinations
At one week before sacrifice, blood from the tail vein was obtained.
Erythrocyte and leucocyte counts (Coulter counter, Model ZBI, Coulter Electronics, Inc.), hemoglobin (cyanmethemoglobin method) and differential leucocyte counts were determined.
The animals were fasted for 24 hours before sacrifice. The blood was collected from the cervical vein just before sacrifice under light ether anesthesia.
The hematocrit value was measured using microtubes and a centrifuge. Mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) were calculated from the hematocrit and hemoglobin values and the erythrocyte counts.
Blood biochemical examinations
Serum from 10 rats of each sex from each group were obtained at 6 and 12 months for both sexes, and again at 22 months for males and at 24 months for females.
For each serum sample, the following determinations were performed: protein (using a refractometer), albumin (BCG method), GOT and GPT (UV one-point assay), alkaline phosphatase (ALP: Kind-King method), urea nitrogen (diacetyl-monoxime-thiosemicarbazide method), creatinine (Folin-Wu method), glucose (GOD-POD method), triglycerides (GK-GPDH method), cholesterol (CHE-COD-POD method), sodium ion (with an ion electrode), potassium ion (with an ion electrode or by atomic absorption spectroscopy) and chlorine ion (SchalesChales method). Pathological examinations Some rats at 6 and 12 months, every moribund animal, and all surviving rats at the end of the test were sacrificed by exsanguination from the cervical vein under light ether anesthesia. All dead rats were autopsied as soon as they were found. The following organs were observed macroscopically: the liver, kidneys, spleen, lungs, heart, brain, pituitary, thymus, adrenal glands, prostate, testes, uterus and ovaries. These organs were removed and weighed, then microscopically observed together with the stomach, duodenum, jejunum, ileum, pancreas, bladder, bone marrow, thyroid and cervical lymph nodes. In addition, with the exception of the low-dose rats and the rats autopsied at 6 or 12 months, the following organs were observed microscopically:
the vagina, tongue, esophagus, colon, cecum, rectum, submaxillary glands, skin, nasal cavity, spinal cord, larynx, mesenteric lymph nodes, external auditory canals, eyeballs, trachea, seminal vesicles, sternum, aorta and mammary glands.
The organs were fixed with buffered 100 formalin, and sections were stained with hematoxylin and eosin.
Statistical methods
For parameters expressed as means with standard error, statistical differences between the control and the groups given stevia extracts were examined by Yamazaki's ASSIT method8) (based on Dunnett'se9,10) and Scheffe's11) methods). Results of urinalysis other than pH and values expressed as percentages were analyzed by Wilcoxon's rank sum test. Urinary pH was statistically treated by the chi-square method.
Results
Growth, food consumption and water intake
Growth of the low-dose group was similar to that of the controls.
In the middle-dose group, the rate of growth was slightly depressed after week 69 in males and after week 11 in females.
Transient growth retardation was observed in the high-dose group between week 23 and 50 in males and between week 60 and 75 in females. After week 69 in males and week 79 in females, the weights of rats tended to decrease in all groups, including the controls (Fig. 1) .
Food consumption and water intake were higher in rats of the high-dose group than in the controls until week 35.
The consumption of stevia extracts in the high-dose group was about 550 mg/kg/day as calculated from the actual food intake during this experiment. General appearance Around week 5, wheezing was observed in some rats of either sex in all groups. Snivelling occurred in week 35 in some males and week 45 in some females.
A transient or persistent red ocular discharge, exophthalmos, and turbid cornea were seen in some males and females from every group.
Other abnormal signs found were as follows: subcutaneous and cutaneous solid masses in the back, shoulders, axillae, and abdomen, verrucae, focal pyogenic skin, alopecia, dirty hairs (especially at the hinder part of the abdomen), wry neck, ulcers and necrosis on the tail and loose stools. Piloerection, lacrimation, erection of the penis, and pale or yellowish skin and eyes were observed in some wasting rats. These signs occurred with almost equal frenquencies in all groups, including the controls. (Tables 14) .
Administration of stevia extracts for 6 months caused an increase of blood glucose in both sexes and decreases of GOT, COPT and triglycerides in the females.
There were, however, no significant differences in blood biochemical findings at 12 months or at the end of the experiment (Tables 5 ti 8) .
Organ weights and macroscopic observations
In the high-dose group at 6 months, the absolute weights of the liver, kidneys, heart, prostate and testes in males were significantly increased and those of the ovaries in females were significantly decreased, whereas the relative weight of the liver in females was increased. These changes were not found in either sex at 12 months or at the end of the study (Tables  9-12) . In some rats killed at 6 months from every group, there were small nodules in the liver (about 3 9 mm in diameter) and reddish-brown areas in the lungs. At 12 months, small nodules of the liver, hepatization of the lungs, focal or diffuse reddish-brown areas in the lungs, enlargement of the pituitary, hemorrhage of the thymus, enlargement of the cervical lymph nodes, and edema with hemorrhage of the uterus were observed in rats of all groups. These changes were not related to dose.
With longer feeding of stevia extracts, small nodules, discoloration and a dull margin on the liver, hepatization and abscess of the lungs, and a granular surface of the kidneys were found in many rats in each group. The testes of many male rats were reddish-purple with a brown tinge, and those of more than half of the rats were enlarged or atrophied.
Other findings in all groups were as follows: enlargement, hemorrhage and hematocele of the pituitary: hemorrhage of the stomach; enlargement of the spleen (except in males); enlargement of the prostate; thickness, hemorrhage and edema of the uterus and enlargement of the ovaries. Enlargement of the spleen in male rats was seen only in those given stevia extracts.
Histopathological findings
Peribronchitis was observed in many rats autopsied at 6 months.
Bronchitis and peribronchitis were found in all rats autopsied at 12 months. The kidneys in some rats of every group had hyaline casts, lymphocyte infiltration in the cortex and vacuolar degeneration in the tubules.
For rats other than those sacrificed at 6 and 12 months, non-neoplastic changes are listed in Table 13 . In most cases, the groups fed stevia extracts and the controls had similar incidences of these changes. Changes more common in rats given stevia extracts were reduced spermatogenesis, interstitial cell proliferation in the testes, medullary cell proliferation in the adrenal glands, atrophy of the thymus, inflammatory lesions in the trachea and lungs, age-related changes of the kidneys such as degeneration of tubular epithelium, hyaline casts and glomerular sclerosis, and pigmentation and increased hematogenesis of the spleen. Tables 14 and 15 list all neoplasms found.
Organs in the low-dose group (shown as -in the tables) were not inspected microscopically. The most common neoplasms in the males were interstitial cell adenoma of the testes and pheochromocytoma of the adrenal glands.
In the females, they were interstitial polyps of the endometrium and adenoma of the anterior lobe of the pituitary.
The incidence of neoplasms was not related to dose.
Discussion
Food additives are incorporated daily into the human body via foods throughout life. Many kinds of cancer have a long latency, appearing only in old age. Therefore, the duration of chronic toxicity and carcinogenicity tests of food additives in rats is usually 24 months or * The total of rats that died or were sacrificed during the study and those that survived at the end of the study (at 22 months in the males and at 24 months in the females). In all groups including the control, the weight of rats tended to decrease after week 69 in males and week 79 in females. This was largely due to aging.
The incidence of proteinuria was significantly higher in the high-dose females at 6 months, but no significant increase of serum urea nitrogen or creatinine was found, nor were pathological changes seen in the kidneys. The absolute weights of the liver, kidneys, heart, prostate and testes were increased in male rats, and the absolute weight of the ovaries was decreased in female rats, at 6 months in a doserelated manner.
The relative weights of these organs, however, were not significantly different. No differences in organ weights were observed at 12 months or at the end of the study.
Enlargement of the spleen in both sexes was found in some of the rats sacrificed during the study or at the end of the study; no male and 7 females of the controls, 1 male and 2 females in the low-dose group, 3 males and 9 females in the middle-dose group, and 4 males and 10 females in the high-dose group. Some of the enlarged spleens had a pale-yellowish appearance with histological changes and the rats had high leucocyte counts in the blood.
Therefore, we diagnosed them as having leukemia, a commonly-found disorder in aged rats.
Although it was not observed in male controls, enlargement of the spleen was found in female controls and the incidence in females was not significantly larger in groups fed stevia extracts than that in the controls.
Consequently, we think that the finding was probably not related to the feeding with stevia extracts. There were a variety of changes in various organs.
In most cases, the incidences of the various non-neoplastic lesions in rats given stevia extracts and in the controls were similar.
Most of the non-neoplastic changes are lesions found commonly in aged rats,13,14) and we think that they were unrelated to the administration of stevia extracts. or macroscopic and microscopic findings. We consider that the highest dose causing no effect in rats is 550 mg/kg of stevia extracts under the conditions of these experiments.
